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PHUTOSYNTHESIS AND THE PROBLEM OF FODD RESQURCES
-~ A A,~Nichiporovich, Doctor of Biological Sclences

sz The matarial.uasaniunutachnglogiﬂélwprpgzﬁﬁﬁJ;Qé%té?ﬁy and the VéfY exist-

ence of people is associated with problems of obtaining food, energy, and indus=

trial materials. Man's energy and materiel requirements cen be satisfied in-

various ways and from various sources. But nuthing can replace photosynthasis
aof plants as a source of man's food, which he obtains either di rectly from the
plants themselves or thorugh animals, or gven with the participation of micro-
nrgenisms, In the end, both the food supply for the population of our planet

ano the lavel of the world population depend and will depend on the volume of

photosynthetic activity of plants and on the deqree man usas this activity for
food purposes.

The dependence of man and of all life on the earth in general, on the pho=
tosynthetic activity of plants is so cerdinal that vest interast nas long since
been evokad by problems &8s to how great is its volums, what are the means and
possibllities for best utilizing it, what are the prospects for iAncreasing its
scale and resultis, and, in connection with this, what is the poasivility of pro-
viding people with a suitable supply.

Interest in these proulems should increase sspecially naw in wur country,
when the Communiat Party of the Saviet Union has embarked on a new Program which
calls for grandiose measures to magster nature with all our effarts and rescgurces
since this is une aof the most important cunditi..ng for the conatruction and ex-
istance of a communist soclety.

All of the world's plants annually produce up to 380 bililon tons of dry bio~
mass. Ihis is almost 400 times qrester than is needed to supply fully the pra=
aent population aof our planet. However, mankind annualy obtains auvout 700 mil-
lipn tons of food products as based on dry biomaas, i.m., leas than {8 neadad
for complate satisfaction of food reguirements (sbout 1 billion tans),

Taple i shows the dats on ihe totsl photooynthetic production of plante in

various hablitets (converteu to dry plant oiomass) anyg the deqree of utilization
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- (367 billion tons out_ of 378 billlion) are produced by the vegetation of seaf

as food for people.* As we ses from the Table, most photosynthetic products

aceans, forests, meadows, and steppes. But the utilizatian factors uf this pro-

‘duction by man for food purposes are nat very ‘great, and in tha end the over- .

whelming portion of the food resources (660 million tons out of 700 million)

are produced by secially cultivated food and fodder plants. Therefore, the main
task in solving the problem of food rescurces must include an all-posaible in-
crease in the photosynthetic production of cultivated food and fodder plants,
which can oe achisved by expanding the areas under cultivation end by ‘- creasing
their yiseld.

By means of a passible shortening of crop rotationa, raeductian in the sow-
ing of plants used in industry, and by developing new tarritories, the area un-
der cultivation can be brought up to sbout 5 billion hectares, which will com-
prise avout 30% of the land area (without the Antarctic and Greenland) and this
must De considered asivery large figure, since for this purpose sxtensive and
complex reclamation is required in a numbher of ceses. (Some suthors consider 1%
possible to incresse the area under cultivation of agricultural plants to 7 bil-
lion hectarss.)

As for {ncreasing the yield of food and fodder plants, which presantly is
not high on ihe average, we can actually count on doubling it by an efficient
and unswerving utilization of presently known modern methods and farming prec-
tices (the use of fertilizers, irrigation, a caraful combat mgainst weeds and
gestructive insects and diseases, the selection of high=yielding plant veristies,
etc.). In other words, biologicel yields which now have an average veluw af 4 t
of dry biomass per hectare (see Fig. 1) cen be increased to 8 t/ha on the average,

which corresponds to economic yields of 30-45 centners/ha of grain, 350-400

*The Table is compiled on the basis of the dats of & number of authors which
do not always agree, therafore the aatimate shown for the pnotosynthetic produc-

tlon OF the worldts veystetlon shiuld be considersd as sus ject to some refinement,
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"Tgble 1 - iz

) Area jAnnual prod. [Used as food
Plant habitat - 'kil tor®f |direct.or through animals
ectar *|% of total
7t/ha tons |*
Seas & oceans 36,1 32 0,01
Forests 4,4 7 0,02
Arable lands 27 650 6
Meadows,steppes 3,1 2 0,03
Deserts 4.7 - -
1
Total 51,0 318,5 701
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centners/he of potatoes, 400-50U centners/ha of sugar beets, etc.* and to har-

———

" 'vest annually, therefore, about 30-40 billion tons of total photosynthatie pro-

duﬁta from 5 billion hectares, A considerable gain can be made by improving
-fggé-;;;tém fuf ;¥iiizing the biomass 5? the plants in nrdei io nhtain‘maxihum
--food products, so that their yield factor is raised from the present. 6% to . .
12=15%,

tUltimutely we can expect an annual production of 4-5-6 billion tons of net
food products by developing the usual methods now being used to some extent and
which should be accelerated in the future. In addition, we can probsuly expect
a two-to threefeold incraase in food production by using the rgsults of thes pho-
tosynthetic activity of aquatic flora.

In all, such an amount of faod can provide s maximum supply to & population
of auout 10-12 uwilllun people, l.e., thres to four times more than the prasent
population, But a successful achievement of this goal is not an easy task and,
moreover, morae efficlent means than our ususl methods of modern agriculture ere
needed for the future solution of the problem of food resources,

In connection with what has ueen stated, the firat question to arise 1is
whethar or nut we cen aasume that in the future, not only notural photosynthesis,
but also srtificial chemical synthesis or artificial photosynthesis will be the
supplier of food productas for man.

In gur opinion, there are no gqrounds to think that for tha mass productian
of the most common products, artificliel photosynthesis ss a food source will have
any advantenes over natural photosynthesis: the some solur enerqy is needed fur
it but proveuly complex systems of tropping it and converting it would be re-
quired, and this would hzve to be done on {mmense areas. The use of artificiel

aynthaeais and ulosynthesis will apparently be advantageous only for the produce

*See: A,AR, Nichiporovich, Photosynthesisa and a Theory for the Production aof High
Yimlga, "15th Timiryazev Lecture"”, Moscow, lzdatal'stvo AN S§SSR, 1956; AL.A,

Nichiporovich, L.Ya. Stroganov, S.N, Lhmora, M.P. viasaov, thotosyninetic Activity
of Crop Plents, Moscow, lzdatel'stvo AN SSSR, 1961.
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tion of some individual food camponents (8.9., individual amino acids, vitamins,

“fate, etc.) whose Tequired amounts érelféléiiJEI;ZEhgfi.

Thereforae, the problém of food resources iﬁ the future must be solved main-
ly 6£ almost whnlly‘bv natural photosynthesis of plants, and we m;sﬁ ﬁnar 1n.
~ mind that the productivity of the must promising food end foddsr crap plants -
must be increased as much as passible.

In order to estimate the prospects for incresasing food production in the
future, we will First explain theoretically the patential photosynthetic produc-
tiun of plants, starting from the quantity of the photosynthetically active por-
tion of soler redietion that impinges on territoriaes that cen be unoar cultiva-
tion, and then we will examine the fectorslimiting the photosynthetic activity
of plants and the paossible ways to overcome and eliminate their influence. Uua
will stert fraom the fact that farming, as indic.ted above, will be carried out
on an erea of 5 billion hectares, of w!.ich (proportional to the totel land ares)
2.1 billion hectares can be in the tropical zonae, about 0.5 billion hectares
in the subtropicsl part of the Nyrthern Hemisphers and 0.4 billion hectares
in that of the Southsrn Hgmisphere and, finally, 2 billion hectarss in tha tem-
perete and naar-polar zone of the Northern Hemisphere,

It is completely understandablae that to calculate the theoretically possiola
photosynthetic productivity of planta, we should teke the indexes of siructurally
full crops and plantationas which can absorb much energy of solar rediation and
utilize it with a high efficiency. Such cen be crops ana uiccoannala,uhosa leaf
area reaches 40-50,000 mz/ha at the period of meximum developmaent. At this peri-
od such crops absorb up to 70-80% of the energy of tha photosynthetically activa
portion of solur rediastion falling on them, and an average of 50 or aevan 60%

during the entire growing season,*®

*Spe: A.A, Nichiporovich end S,N, Lbmore, Radistion Reqimes of Agricultural Craps
and the Proulems of Their Water Suprly and Drought-Reaistance. Collection:

*pPhysiology of FPlent Resistance®, Mpscow, Jzoatelistvo AN SS5R, 19b0; H,A, Nichi=-
parovich, L.Ye, Stroganova, 5.N. Lhmora, and M.P, Viasova, Photosynthetic Activity
of Crop Flants, Mpscow, quutel'stgn

oAy G55R, 1961.



Table 3

ossiblle Energy Eransp7 ' Total amount of water

EEEG:eOf(Aoz of evap.dur~ for all possible crop

‘Zones . 3
Zone brops §8E8ve) ing Browrareas, billion
b11l . bill.kcal/ "8 Beas
- ectare ha e
Tropical 21 444 750 23 700
.| 1120
Subtropical 1,0 | 2,8 473 7 000
605
Temperate 2,0 I 1,0 w0 b 7s00
| 240 |
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Fig. 3, Amount of photosynthetically active
solar radiant encrgy falling per day per hectare
of the carth's surface in various zonas, A) linc,
below which radiation 18 fnactive due to low
intensity; B) line, below which radiation is
inactive duec to low temperaturcs.




At best the plants can utillze absarbed radiant energy for photosynthesis

““ulth 8 consumption of B gquanta, i.e., for solar 1 ight in an esmount of 28% or .

- - subtracting losaes from respiration, about 20% of that absorbed, —— -

In ﬁhé final anélysis, kaéping in mind the possiule 50% énsurptiun of eﬁergy
by fullevaluse craps and ihe 20% utilizetion of its aosorbed portion far photo-
synthesis, we can c.nsider that crop plants utilize for photosynthasis and for-
mation of ylelds, 10% of the photosynthetically msctive portion of the soler ra=-
diant energy that falls on tham during the potentisl period of ective grpwth.

) These indexes enable us to calculete the theoretically possible photusyn-

} thetic efficlency and yield of plants in various geagrephical zonas having dif-

: ferent amounts of the radient emergy during the growing period.

These dusta are shown in Table 2, where the averane amount of the impinging,
physiclogically active solor racdiant enargy 'vﬁi)givcn for the period when plants
can grow in the various zones owing to temperature conditions (mee slsc Flg. 3);
the potential photosynthetic productivity of cultivetod plants was calculated
by starting from a lU¥% utilization of this energy during the entire perind of
possible growth, wherein it was assumed that the average heats of combustion of
the piomass produced by the plants are sgqual to 4000 kcsl/kg, or & + 10 kcal/tan.

This calculaetion givea us an idea of tha pesaible, in principle, enormous
seasonel ylelds of agricultural Food and fodder plants both on a single hectare
(biological yields of from 67 to 250 t/ha) and an all possible crop and plan=-
tation areaa which axceed by several tens of times the present production
of 1l pillion tons fFrom cultivated plaents,

Inis is an ideal for which we can and must strive., Howevaer, tha guestion
Justifiebly arises es to what extent is the schievemant of such indexes femsible.
The fact 1s that they depend not only on the prescnce of varlous smounts of light
enaryy, but also on many other concommitant factors: the thermsl cunditions,

the water aupply for the plants, mineral supplias, the concentration of c¢arben

*See: h.Ya. Kondrat'yev, Aegiant €nergy of the Sun, tLeningrad, Giorometeoizdat,
1954,




dioxide, oxygen, etc,

Actuslly, the intansity and over-all resultent effacts of tne sarths
_carnon cycle, whoss driving force is photosynthests, are datermined first af all
by the quéntities of solar radiant energy. This is the main factor causing and
'Ffﬁiily Iihiilﬁdwthﬁ'ﬁlﬁﬁéét'pbasiblé photosynthetic production of plants. How=
ever, the caroon cycle is most intimately msssocisted with the cycles of nitro-
gen, minaral nutrition, and water and it is precleely these and the earth's ther-
mal conditions th.t can be and indeed are the factors determining and limiting
its intensity. For instance, we see from the data of Fig, 3 the limiting effect
on the potential photosynthetic productivity of plants, of the thermal factor
end the factor of the seasonal and latitudinal inequelity of the distribution
of solar rediant energy over the earth's surface.

A certain, although not especially gppreciable portion of the sun's radiant
enaergy cannot be considered as photosynthetically active, since its totel day-
time quantities prove to be less than that required for normal plant growth,

In Fiyg. 3 this corresponds to the portions of the curves located below line A,
In additian, a portion of the light enerqgy actually proves to be inactive or
slightly active because it reaches the earth at periocds when the tempuraturas
are too low for life activity end growth of the plants. This portion of the lignt
energy is located below line B, and therefore only the energy corresponding to
parts of the turvea located auove the line is actually active (these are the in=-
dexes that werk tsken for the calculotions shown above, in Yable 2). If this
sctive energy, @8 we already said, were to be used for phntosynthasis in accor-
dance with the theoreticel possibilities, then mankind would be sble to produce
8 colossal production from the photaosynthotic activity of plants, Our problem
is to find the causss for the disagreement betwaen thae theoreticsl possibilities
and the actual situstion, and to find waya to eliminate these caumes,

First of all 1t is necessery to note that, quite fraquently our crops and
plantations, bhacause of ponr farming technigumas, shortanes of nutrition and mois-

ture, do naot have the optimsl structure which can ansure high coefficlents of

their ansorption of solar radient enasrgy.
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caslculation) that on the average, crops whose leaf area at ﬁhe maximum pericd

in the crops is only 8-10-15,000 mzlha. Ihese crops absorb only 20«30y, of the

gnergy of sclar radiation durlngrfhargfohing season, in other words, anly 175

to 1/3 of the energy whilch crops with maximum structure can absorb. it is easy
to imagine what encrmous amounts of radiant energy we lose irretriavebly: the
energy not absorbed by tho plants dus to scantiness of the crops is converted

to heat and dispersed into space. 4t is also essy to understand what vast re-
sarves can be mobllized for increasing the phatosynthetlic productivity of plants
if all crops will nave an optimal structure, which 48 nat at all unusual, but
characteristic for meny present crops.

o smaller are the svoldable losses arising because the biologlcal charac-
terlstics of the growth and development of many of our plants, especlelly those
developoed under some caonditions ani then transplanted to others, do not cor=-
raspond to the variatiaons of metenrological faciors and conditiaons of a given
region. This can be illustrated by ths example of the development of wheat and
corn in the Muscow area in 1960 (sea Fig, 4). w“arn 18 sown here in June beceuse
of the thermal conditiuns., WYuring the period aof the longest deye with the best
light conditinnP (June tao the first half of July), the plants (curve 1) only hava
two or three leaves each, and s negligible smount (5-10%) of the soclar radiant
energy falling on the crop erea is absorbed while must of it pusses inta tha
sall, <hen the leaf arass reaches the maximum, the light conditliouns deteriorate
cunsidarably (curve c) end the photosynthetic aefficiency of the corn drops aurupt-
ly (curve 4). At the same time, whaat {(curve 3) utilizes the first part of
the growing seamsun, but ends growth before the light and thermal conditions
vecume insufficient for active growth. “onsequently, the paotentially active
light enerygy is very aften used for photosynthesis extremaly inafficlently, in-
completely, and is made useless by the incompatipiiity of the sliythima obf {ts

variations and the lifg activit. of the plantg.

- 10 =~
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“reachas 40-~50,000 m°/ha absorb S0% of-the energy. But sometimes the lesf area
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_...'nis can be sliminated to a considerable extent by a high specializatlon

of agriculture'and by the cereful selection for various zones of speciss and

varieties of planté mhbéaAﬁididqicél rhythmsrbagt cnr}espoﬁd to tﬁaxﬁhanégé,uf
the liéht and fhermal canditians,.

' ?;eduénfiy. and to a severe extent, the potentially active light energy

is made worthless by the inadequate &nd, in a number of cases, very harah mois-
ture condition: this is easily shown by the example of the desert belt (Sahara,
Arabian and Central Asliae deserts, Goui) located between 20°% and 40° N, whare
there are @normous streams of light energy, but practically no moisturs,

Molsture is neaded for the normal life activity of plants and to dafray
the transpiration losses which are organicelly related with photosynthesis in
that they have ths same ensrgetic base: the parameters of both processes areg de-
termined Ly the amount of energy sbsorbed by the plants and craps end by its
allotment for photosynthesis (ususlly 5~10%, in the baest cesss 20% of the absorbed
gsnergy) end for conversion to hest esnergy (the remaining 95«90% or in the best
cases B0% of the absorbed energy).

In luxuriant crops which have no lack of water, the moistu.e supply shauld
be such that all thut is not used for photosynthesis or converted to heat energy
is eliminated from leaves Ly transpiratiun. The potential transpiration in thase
cases is determined by dividing the indexes characterizing the amount of energy
by the energy indexas of the latent heat of water evaporation. If thaese figurea
ere increased by 3U-50% in the appropriate zones (keeping in minog the unavoids-
ble evaporation from the suil surface and run-off), then we can form an idea sbout
the amounts of molsture which wra needed in different geographic zonaes for thae
maxim.m use of the enerqQy falling here for photosynthosis and for producing high
yields., Such flgures are shown in Table 3,

tvaluating the data of the Teble, we must may that there are s number of
territaries and zom s on the sarth where the totnl precipitation is sufficiaent
for producing it thworatlconlly possiole ylelds (the humid troplcs, a numbsgr of

zonus {n the temperate belt), but At the game time there sre enormous territorige




Total active Table 2

otential enaiggiof éﬁlar'PoEenEIaI annual plant
§gglirea ! productivity (total dry biomess)
ZONES ort °2-
r ares {cal/haprea, kcalrrt/ha gor entire arca,
. _— 1lion tons
Tropical
ge 8o 030 Ne 24 | 10,0 2,1.101 250 525
Subtrolp:l.ca.l 7 ”
23=4 0,6 7.0 0,4, 18 ) s 105
-1 8 04 ' 03,0 | 47 70
TeTRerate & near traps-
. 49—70° N 0,2 2,5 0,5.101 67 135
Total ! 5,1 [ 8§35
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. which tu 8 lesaer or greater (and somatimes very savara) dagraa are nnt sup-

iy e e e o cmmnims o S

pliad with the needed amount of moisture. If here we do not use artificial

—1rrigatinn, we céﬁ>éxpact to ubtain only low yields 1n cnmpariann with the theo=
L. ratically possibla. and the solar radiation nf these tarritories is to soma ex-
“tant, and sometimes completsly (in deserts) wasted.

Every year about 500,000 billion m3 of water is circulated (evaporeted and
falling as precipitation); this is sbout 12-13 times more than required (38,500
billion mz) for optimal growth amd photosynthesis of possible (in the Futurs)
craps of food and fodder plants (on an area of 5.1 billion hectarea). The sur~
face of the contlnents receive annually as precipitation 100 . lﬂlzm3 of water,
i.e.y 2,5 times more than would be required to supnly fully 5 billion hectaras
of crops. but spproximately a third of this weter (36 °* 1012m3) is not usad by
plants and runs off into the sews and cceans, and the remainder is distributed
(vary unevenly) on en erea three times larger than the area of propaosed future
cultivation., bLonsegquently, the arems now under snd proposed to be under culti-
vation sre provided with natural precipitation to a degree fer lass than is naeeded
for maximum utilization of the ansrgy of solar rediation for photosynthesis and

production of high yields,.

Tharefore, one of the wmost importsnt problems is to use the 36,000 billion m3

of watar out of the 100 °* 1012m3 of water that annually falls aon the continents

ta supply 5 blilion hectares of future agricultursl land; this can be done by
varivus methods, @.9., better use of the pracipitation, moisture storagec in the
fields, irrigation, etc. The solution of tnis prouiem begins, in assence, in

our country now, In the epoch of developing the meterial and technological base

of Lommunism, It sufiicies to recull that the new Frogram of the CPSS provides
for axtensive works un irrigation construction, tqyap "daring plans for changing
the course of certain northern rivers®, wtich presently throw away fruitlessly

anormous smounts of water into the Arctic Ocean; these plans, as indicated in

the Program, can be accomplished By Uovlet man during the cuurse of communist

construction,

- 14 -



__ It is necessary to search for ways other than those named which would fos-

,fer 8 solution to the problem of pruviding water to enormous areas of future

crops.

For exampla, the following method is possible in principle,

rhe”LEEeE'HHJ in annuéi cifcuiation is écatte}éﬁ~(altﬁough extramélv unuvun~
ly) in the vastness of the atmosphere, hydrosphere, and on ths sarth's surface
and its affactiveness as a factor nacessary for plant life is very reduced. It
could be conslderably higher if only a small portiun of this water wers separatad
from the large general circulation into an isolatad volume of the atmosphere and
aoil and were to be circulated in iis own particuler cycle, first evaporating,
then cundensing, thus wetting the soil. In this case, with cirsulation of rela-
tively small amounts of water, the seme effect of the life activity and photo=-
synthesls of plents cuuld be ensured as that which we determined as the optimal
possiule effect. Hgh plant yields could be grown un 8 water supply 10 times
smaller than that which present open crope expend for aveporation, thut ia,un
a constent supply of 500-600 mjlha, of which 30-50 m3 would be evaporated annually,
but then cundenssed, returned to the soil, and thus the reyuir d mositure regime
would be maintained 4in the soil and root substrata,

It is necassary to say that with the ususl farming methods we slways striva
to separate a number of factors from the over-sll large circulatiun of substances
and to create perticular, local circulations, This refera, for exemple, to ni-
trogan, to the elemsnts of minarel nutrition., QOne of the difficulties of supply-
ing nitrogen and ash alements to plants in crops and plantations {8 that these
elaments are rapidly scattered in the vastness of the external envirocnmant by,
first, crop susoprtion end, second, by erosion and weshing and, in the end, carry-
off to the seas and oceans, In urder to overcoma this we must fFirast of all use
mineral fertilizers, However, the great.st effect is schioved {f we simul tansoua-
ly take maasures which raeduce to a minimum erasion and mcett:ring of the elemunts,
In other woroa, we must separste the particulur, locel circulatiuns from the over-

all large circulstion ot substances as much as pos ivle, Such measures are accom-
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plished and used rather midely. this is a return to the flelds of plant nutrients

1n the fnrm af ménure, focss. ashes, in tha form uf tha dry rasidue of sBwnge;

this is the totality of measures taken tu combat soil ernsion, this s tha raturn -

of nitrngen to the sail end plants by fixation of atmospheric nitrogan by nitro-

- gen=fixing arganisms and leguminous plants, by green alpae,

A maximum return to the soil of river waters flowing into the oceans could
help solve the problem. These waters, carrying with them vest amounts of nutri-
tive substances, aggravaete conditions of plant photaosynthesis on land where its
production can be used for food with the greatest efriciency, and improve condi=-
tions for photosynthesis in seas and oceans, where photosynthetic production is
nonatheless great, but the coefficients of its possible utilization for food pur-
poses axtremely lou.,

A low partial pressure of cerbun dioxide in the atmosphers and & high per-
tial pressure of oxygen ars an important factor limiting the rate and extent aof
the photosynthetic activity of plants, This factor in its present state came
into existence on the earth during the course of hia:urical devalopment. As
green plants appe.red and heceme widely distributed, tha earth's atmosphare as
a result of their photosynthesis became rich in oxygen end poor in carbun dioxide.
At the present time on sarth, as much carbon dioxide is formed dally a;:result
of biolugic and ablulogic oxidation of organic meterinls as is esssimileted by
plants during photosynthesis. However, the corbon dioxide formed during oxida-
tion of the orqanic materipla is dispersed into the atmosphere and hydrospheras,
and its concentration proves to be vary low. This is an unfavorsble factor for
photosynthesis, which is easily proved by the quod responsivengss of photosyntha-
sis to an increase in the carbon dioxide concentration in the air sround the

plants,

In sgriculiural practice and in this case, tharn are methods to separato a

portion of the carbon from the aver-all, large circulation, to prevent its ex-

cesziva disperainn, ang to keap it in lecwel cyclea, This is achiasved by return=-

ing orgenic substances to the fields as manure, feces, and compests, or by using

- 16 ~




" garbon diaxide fertilizers in closed or even open graund,

It is true that 8 sultable water and mineral supply to plants produces very
AQOGdléﬁd hign viélé;mg;ii;éiﬁf;san; legvel of atmospheric qé{pqﬁrﬂiaxlgqg;lﬂpypvstf
1f it were possivle to prevent its dispersion into the ,VE}E@,%? of the atmasphere
and hydrosphere and to concentrate it in the ground alf layers and on the surface
layers of water, having increased its concentration by several times (although
anly to 0.1%), then it would be pos-ible to increese greatly the photasynthetic
productivity of plants, to intensisy carbon circuletion,snd as @ result, to draw
into the biological circulation additional supplies of carbon from carbonetes,
and thus increase the vaolume of 1ife on our planet. This is difficult and vir-
tually impossible on an eartn-wide scele, but it cen be accomplished on limited
areas.

In the simpluat form (return of carbon to the soil aabrqanic fertilizers
containing minsresl nutrients, the use of sewage weter foir irrigation, prevention
of run=off, weter storage, ett.) such circulations are widely used and should
be used in nodern wgriculture as the most important methud to increase yields,

But in the present form they .are only a partial solution of the problaem, only
half-measures, in spite of exceptivnal moisture, wide accessibility, and distri-
bution,

From thae fundamantal point of view, the most radicel solution of the pro-
blem would Le to create absolutely or maximelly closed systems with complete or
almost complete internal circulation of substances,

Tha main characteristice of such systems would Lo & transparent cover having
maximum hust conductivity Bnd the cultivation of plants 4in a sapilless culturs
(hydroponics), which would eliminate the need to return tha orgenic matarial to
the soll and which wuuld meke possible 8 more complete utilization of the pri-
mary blomas. of the plants for fodder and food purposes,

It is advantasgeous to have a:i the compongnts of closed systems, tha moat

valuaple and productive anricultural plonts and slso 8 masuiye cyltivatinn af

unicallular alyas (€,g., Lhlorella), which has 8 numosr of important feeturas:
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‘during the entire periad when there is sufficient light the temperature of the

auapanalnn can ba maintainad at the optimael lavsl the dailv libaratiun of the

grouing niomaas makas it pnasiula to maintain at all timma the dansity uf the

- suspensinn at a levcl favoranla, an ane hand, For the cumpleta abaorptinn of

light and guod pnutaaynthaaia and, on the other hand, for 8 sufficiently vigaroua
division and multiplication of the cells., Owing to %his, the algal culture can
be more productive than the cultivation of higher soil plants with their rather
long periad for the appeerance end growth of shoots, for development, while
they have 8 small totsl leaf'area and absarb only a small part of the sular
radiant energy impinging on the crop, while the rest passes into the sail. In
addition, Chlorella by liberating much oxygen into the liquid medium as a result
of photosynthesis, atrongly stimulates oxidstion of orgaenic sewaye matariesls and
can promute oxidation of human and animal wastes, forming in place of thuse wastes
their own Liomass and boosting the formation of thae bactsrial biomass which l1s

. suitable for animal feed, and thus drawing humen end enimal wastes into the closed
carban cycle. The curbon dioxide being formed as a result of bacterial activity
coulo be used for pnotosynthesis of higher plents and Chlorslla., The proteine
rich (up to 50% per dry weight) elgal biomass can serve as food for invertebratae
animals, for exemple, crabs, infusoris, whase biomass in turn can oe 8 good feed
for domestic birds (ducks, chickens), and also Far fish, TBBTGFOPE, the cambina-
tion of highar plants and an elga. in closed systems is expeditious fram many
points of view.

Under conditions of closad systems, with a sultable sglectian of plantas

capuble af producing the highast yields of useful fuod or foddur Liomsag after
it Is efticientiy processes, the coafficients of food utilizetian of the photo-
synthetic production cen be increesed to very high values, probably to L0%, In

. tnis case it is necessary to produce about 10U0 kg of primory biomass in nrder
to supply a person with 1 kg of food per day, or 365 kg per ysar.

In the avove-described closed system, we can expect to obtuin vields of totsl

dry oiomass af plants of S0-60-100 t/ha and even 100-150 t/ha Lo scuthern roglans
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with an _active groming season of 250-300 days. In this case, food for man can

be provided by the phutusynthetic prnductiun uf plants cultivatad an 200-150 and

even 100-50 m, < - - T

wa can puint nut that uith ths present typa and 1evel nf agricultura. fnod

for one parsun is suppliad, on thse averaqe, by tha cultivatinn bf fnod and Fud-

der plants on an area of gne hectere, and in good cases, on 0.5 ha. Closed sys-

tems can supply a person with food by cultivating the plants on an area asbout

L0-50, end aven 10U times smallar,

These systems can be of various typss, cen include differant combinations
of organisms, and have a different degree of being closed. It is natural that
the problems of the expediticusnagss of thair use under different conditions must
be solved differently. "robably, they will he lgast effective in zones with a

hot, numid climate, where high yields cen be obtsined without them with a suita=-

ble farming practice. The uge of closed systems in dasert zones having abundant

light but a dearth of water is the most suitebla, Their value in northern lati-

tudea goes without saying, esp.cially close to industrial enterprises having an
abundance of waste gases, In these cases, not only would carbon dioxide, water-
supply, and mineral nutrient conditions be crested that are suitable for plants,
but also the limiting @ffect of low temperatures, which is severe undar high-
lutitude conditions, would ba eliminated,

0f course the wide applicotion of closed systems is & metter not of the near
future, At first they seem to be too complex eng expensive, However, it is

necessary to remember the colossal westatullness of present-gay agricultura which

sbete disparsiun of very valuable nutrisnt elements, water, carbon and the
snormous waste of soler radiant energy. Closed systems can slmoast completaely
aliminate thase louses., *t is also necessary to take into accountg that under cer-
tain cunditiuna (for example, the development of efficient spurces of artificial
light, of perfected transparent plastics), they will be used widely not only in
territories of light-rich deserts any semideserts, Lhut alsc in extensive areas

nf the sess anuy ocaans, in subtarrenesn astructures, which will facilitate air-

- 19 -
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tightnass and maintenanca of the requirad tharmal conuitinna.

Closed avstama--tnis is the obvious and lnavitahle, practicmllv limitlass R

- way mhich in the future ahould occupv a solid pasition in the complex of maasures

rto De takan for the baat and most efficient utilization of tha phutoaynthetic

function of pxante for the productiun of food,

If in the regions with a sufflicient emount of heat and moisture, the areas
and light ars used to the maximum for the cultivation of the most valuable food
and fodder plants during the entire or mest of the year,

if in the selection of the varleties and types of plants for different re-
gions, the highast degree of specialization is reached and they can meximally ab-
sorb light energy during the entire growing season or aven during the year, with
its highest efficlency for photosynthesis,

if the principle of thse creation and maintenance of local cycles of nutrient
elemants, nitrocgen, carbon, and, especially, water will be used widely and com=-
pletely in conformity with the amounts of impinging solar radiant energy and with
the photosynthatic potantialities of the plants'

if, finally, completely closed cultivation systema for plants, algae, and
the heterotraophic organisms sccompanying them are widely used in the future,

then we can expact an incresse in the photosynthetic production of food and
fodder plants, 8 solution to the problem of food rescurces such that unlimited
possibilitias for ensuring the future prograss of menkind will ba crested.

0f course ths realization of thaes: potantimlities requires great efforts,
But men prasently has at his disposal such knowledge which, 1¢ it is not criminally

used for milltery purposes, will opan vast prospects for influasncing tha most im-

portant processueus of natura,
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